Morphologically distinct yeast colonies from partially and fully processed fruits and vegetables were isolated over a 3-year period. Identification of 239 strains was achieved by using standard methods, commercial identification kits (API 20C and API YEAST-IDENT), and a simplified system for food-borne yeasts. The identified strains of fruit origin represented 36 species belonging to 19 genera. Among strains of vegetable origin, 34 species representing 17 genera were identified. The simplified identification system and the conventional method provided the same results in 80% of the cases. The commercial identification kits were easy to use but were not appropriate for food-borne yeast species. Computer-assisted identification was helpful.
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Yeast identification has always been a key issue in applied microbiology. It is of paramount importance to have accurate identification results because of the increasing involvement of these microorganisms in research and development and in the technological and medical fields. Also, the identification methods should be rapid and inexpensive.
Within the food industry, yeasts play important roles as both production and spoilage microorganisms. Their routine identification is essential, but time-consuming conventional methods, testing 80 to 100 morphological and physiological characteristics, frustrate food microbiologists. Several commercially available identification kits and automated computerized systems have been developed for medically important yeasts. However, their widespread use in the food industry is restricted because their data bases include only 19 to 43 species and there are over 200 food-borne yeast species. In addition, there are several software packages now available (3, 5, 9, 18, 26) for the computer-assisted identification of yeasts. They use probabilistic approaches, a form of Bayesian analysis (6) . Their advantages and disadvantages are discussed below.
By dramatically reducing the number of tests, Deak (8) proposed a simplified identification key for yeast species associated with food. The scheme was improved by Deak and Beuchat (10) and then tested and compared with commercial systems (11) . The major advantage of the simplified scheme is that it usually requires only two petri dishes, three test tubes, a microscope, and occasionally up to eight additional tests for species identification, in contrast to the 80 to 100 morphological and physiological tests required by the conventional schemes of Kreger-van Rij (19) and Barnett et 
al. (4).
Rohm and Lechner (27) strongly criticized the scheme as unreliable. They claimed that Deak and Beuchat (10) did not consider the variability of some characteristics. Using the simplified scheme, Rohm and Lechner (27) failed to identify certain reference strains and over 50% of the species they isolated from cultured milk products. Also, they examined the species in all 16 subgroups of the simplified scheme and concluded that only 19 of some 200 species listed could be unequivocally identified by the scheme.
The purpose of our investigation was to compare conventional yeast identification methods (4, 19) , commercially available identification kits (API 20C and API YEAST-* Corresponding author.
IDENT), and Deak and Beuchat's simplified identification scheme (10) , by using a wide range of yeast strains isolated from partially and fully processed fruits and vegetables.
(Throughout this paper we use the term partially processed food, in accordance with Huxsoll et al. [15] . Fully processed food samples and spoiled products were sent to our laboratory for examination. We made no attempt to track technological, packaging, storage, or retail features.) We also tested computer programs for the identification of the characterized yeast isolates.
MATERIALS AND METHODS
Yeast strains. Different types of partially and fully processed fruits and vegetables from processing plants and from wholesale and retail outlets were examined over a 3-year period by using plate count agar (Difco) and chloramphenicol-containing glucose-yeast extract agar (Oxoid). After preliminary morphological screening, we selected 239 strains for identification. The pure cultures were grown on medium containing 1% yeast extract, 1% peptone, 1% dextrose, and 2% agar. Almost 80% of the 127 selected yeast strains of fruit origin were sent to us for identification. These strains were isolated from fresh fruits and fruit-processing plants at various geographical locations. Of these, 14 strains caused spoilage of processed fruit products. We selected 112 strains from fresh and partially processed vegetables. The wide variety of food products assured a good selection of yeast strains, which in turn allowed a more general comparison of the identification methods.
Strain characterization. The yeast strains were characterized by using methods described in standard taxonomic manuals (4, 19) and according to the instructions for the commercial identification kits (API 20C, API YEAST-IDENT). Strain characterization by the method of Deaik and Beuchat was as described previously (10) , with the exception of the nitrate assimilation test, which was modified as described by Pincus et al. (25) .
Identification procedures. In one conventional scheme, the yeasts were identified with the dichotomous keys in the manual of Kreger-van Rij (19) . Yeast identification by the method of Barnett et al. (4) was achieved by using the computer program designed by the same authors (5) . The identification of yeasts within the simplified scheme was carried out by using the master key and the detailed identification keys of Deak and Beuchat (10) .
To evaluate the test results collected with the commercial kit API 20C, we used the API analytical profile index (2). The API YEAST-IDENT results were evaluated by using the API YEAST-IDENT directory (1).
Computer-assisted identification software packages from the American Society for Microbiology Computer Users Group (3), Deaik (9) , and Reichart (26) We based our comparison of species names, resulting from the various identification schemes, mainly on the work of Kreger-van Rij (19 (12, 14) . We calculated the mean value of In all of these and similar cases, yeasts may be misidentified by the simplified identification scheme because Deaik and Beuchat (10) failed to include both positive and negative test results in their subgroups.
The identification scheme of Barnett et al. (4), with the help of their computer-assisted key (5), can be used successfully for food-borne yeasts. The software identifies or selects yeasts by using the same set of tests as the manual by the same authors (4). The data base was updated for new or amended taxa and now contains information on 497 yeast species. Its main disadvantage lies in the large number of tests required.
The commercial API kits were easy to use, and the biochemical tests proved to be highly reproducible. Nevertheless, there were major problems. With the YEAST-IDENT kit, the last 11 tests out of a total of 20 were almost always positive and so provided no selection power. Also, due to the limited data base, API 20C and API YEAST-IDENT may result in the same but incorrect species identification, e.g., Candida guilliermondii instead of Debaryomyces hansenii. Thus, we cannot recommend API kits for c Positive reaction in percentage cited in the literature (for computation purposes, a value of 1, instead of 0, was assigned to negative reactions).
effective identification of food-borne yeasts, especially because some diagnoses may seem reasonable to the taxonomically inexperienced microbiologist. Attempts to combine API 20C with appropriate microscopic morphological characteristics were successful only for a limited number of genera (22) .
The Yeast program of the American Society for Microbiology Computer Users Group (3) (diskette 1106) is one of the probabilistic approaches for yeast identification. It needs to be updated with approved names of yeast species (4, 5, 19, 23) . Also, the continuous reloading of the data base required during program operation causes some frustration. The vulnerability of the program lies in the common use of probability assessment for identifying microorganisms.
The Yeast-ID program of Deak (9) was based on the same concept as the simplified identification scheme of Deak and Beuchat for yeasts (10 (26) uses the same data base as that used for the Deatk software. The user has the option of setting the confidence values for the diagnosis, providing an intelligent challenge for the experienced zymologist. The interactive program offers additional tests from the data base for better separation of the species.
The basic algorithm of the computer-assisted identification programs is a version of the Bayesean model of prior likelihoods (6) . The test results of the unknown isolate are compared with entries in the data base, and the likelihood for each species is computed (13, 16, 17, 21, 24, 28) . Even if all strain characterization results are correct and reproducible and all data base entries are reasonable, there are still at least five reasons for concern when using probabilistic systems.
(i) The tests should have enough credibility and separation power to disclose existing differences between strains. Also, they have to be scientifically sound to differentiate between species.
(ii) The user does not know how positive reaction results were collected and expressed mathematically. As many strains as possible from different locations of the same species should be tested. This is especially important when assessing strains with so-called variable, delayed, or weak test results.
(iii) There is no information available that estimates the statistical reliability of a computer-assisted diagnosis. Analyses are needed to determine the necessary and sufficient number of data points entered, the redundancy of the data input, and the tolerable level of input errors.
(iv) Probabilistic identification systems have a rigid arrangement, and so they ignore the prevalence or rarity of a given microbial species (7) . Depending on how the identification characteristics in the data bases were collected and how probability was computed, each software package has "favorites." An unknown isolate may have the same positive test results as several species in the data base. The program, however, will identify the isolate as belonging to the species with the highest positive test percentage. Very often higher positive test percentages are, in turn, due to the frequency of occurrence of a given species.
(v) None of the probabilistic identification programs has an option for recognizing new species, and the unknown isolate will be identified (misidentified), although at a low score.
We learned from our experience with yeast identification that, for taxonomic purposes or for definitive identification (20) , standard yeast identification methods have to be used.
At this point, we prefer the work of Kreger-van Rij (19) . For routine or presumptive (20) yeast identification in the food industry, we recommend highly the simplified identification scheme developed by Deak and Beuchat (10) . Adapting the tests from Deatk's newly released software and revising it based on the available standard works (4, 19) will make both the simplified identification key and the computer program more accurate and user friendly.
